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(54) LIQUID-CRYSTAL DISPLAY, ELECTRONIC DEVICE, AND POWER SUPPLY CIRCUIT FOR 
DRIVING LIQUID-CRYSTAL DISPLAY 



(57) A power supply circuit for generating potentials 
used to drive a liquid crystal, has first to fourth switches 
(101 to 104) connected in series between a high poten- 
tial line (105) and a low potential line (106). The first to 
fourth switches are turned on and off by a switch drive 
circuit (107) so that the period of time in which the first 
and third switches are on and the period of time in which 
the second and fourth switches are on alternate. The 
power supply circuit also has the first to third capacitors 
(1 1 1 to 1 1 3) of which the state of connection is switched 
alternately between serial and parallel by the switching 
operation of the switches. The potential between the 
second and third switches converges the middle poten- 
tial between the potentials of the high and low potential 
lines by the alternate switching between series and par- 
allel connections of the third capacitor (113) to the first 
and second capacitors (111, 1 12). 
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Description 

Technical Field 

[0001] The present invention relates to a power 
supply circuit for generating potentials required for driv- 
ing a liquid crystal, and to a liquid crystal device and an 
electronic device using same. 

Background of Art 

[0002] Fig. 20 is the configuration of a conventional 
power supply circuit for generating potentials required 
for driving a liquid crystal by resistance division. The 
first to fifth resistors R1 to R5 are connected in series 
across a first potential-supply line 401 supplying a high 
potential V0 and a second potential -supply line 402 sup- 
plying a low potential V5. Potentials V1 to V4 between 
V0 and V5 are generated by dividing the potential differ- 
ence (V0 - V5) between the first and second potential- 
supply lines by resistors R1 to R5. 
[0003] These potentials V0 to V5 are used as the 
potentials of common signals COM0, COM1, COM2, 
and so on applied to common electrodes that are scan- 
ning electrodes and of segment signals SEGn applied 
to segment electrodes that are signal electrodes, as 
shown in Fig. 16. In the example shown in Fig. 20, 
potentials VO and V5 become select potentials of com- 
mon signals, and potentials V1 and V4 become non- 
select potentials of common signals. Potentials VO and 
V5 become, for example, on-potentials of segment sig- 
nals, and potentials V2 and V3 become, for example, 
off-potentials of segment signals. 
[0004] When potentials V1 to V4 are generated by 
resistor division as shown in Fig. 20, the current driving 
capability of a power supply circuit is dependent on the 
values of the resistors used for dividing voltage. 
Although a power supply circuit for driving a liquid crys- 
tal needs a current driving capability according to the 
load (liquid crystal) driven by it, the current driving capa- 
bility of a power supply circuit is limited by the resistors 
used. In particularly, when the values of the resistors 
are large and the load of the crystal to be driven is large, 
the potentials generated by resistor division vary 
beyond permissible limits. As a result, the liquid crystal 
display device does not produce a normal display. For a 
liquid crystal display device to make normal display 
even in the case where the load to drive the liquid crys- 
tal display is large, the current driving capability of a 
power supply circuit must be increased. This requires 
the values of the resistors to be decreased. However, 
decreasing the values of the resistors for resistor 
increases the power consumption in the power supply 
circuit. 

[0005] Fig. 21 is the circuit diagram of another con- 
ventional power supply circuit for driving a liquid crystal 
device, and differs from the power supply circuit of Fig. 
20 in that voltage-follower operational amplifiers 403 to 



406 are respectively connected to the output lines of 
potentials V1 to V4. The voltage-follower operational 
amplifiers 403 to 406 perform impedance conversion 
and output of the input potentials V1 to V4. 

5 [0006] Although the circuit of Fig. 21 can decrease 
the power consumption by the resistors for resistor divi- 
sion, this circuit requires four voltage-follower opera- 
tional amplifiers 403 to 406. Furthermore, this 
operational amplifier has a large power consumption 

w because of requirement of a specific circuit configura- 
tion such as differential pair or the like. 
[0007] An object of the present invention is there- 
fore to provide a power supply circuit for driving a liquid 
crystal which can decrease the power consumption, 

15 and a liquid crystal device and an electronic device 
using same. 

Disclosure of Invention 

20 [0008] A first aspect of the present invention pro- 
vides a power supply circuit for generating potentials 
used to drive a liquid crystal, the power supply circuit 
comprising: 

25 first to fourth switches connected in series between 
a high potential line and a low potential line; 
a switch drive circuit which drives the first to fourth 
switches so that the period of time in which the first 
and third switches are on and the period of time in 

30 which the second and fourth switches are on are 
alternate; and 

a plurality of capacitors of which connection state is 
switched alternately between series and parallel 
connections by a switching operation of the switch 
35 drive circuit, 

wherein a potential between the second and third 
switches converges a middle potential between 
potentials of the high and low potential lines by a 
switching operation of the switch drive circuit. 

40 

[0009] According to this aspect of the present 
invention, the amount of electric charge stored in the 
plurality of capacitors becomes stabilized because of 
the switching operation described above. Consequently, 

45 the potential between the second and third switches 
converges the middle potential between the potential 
difference of the high and low potential lines. 
[0010] Since no current flows through the circuit 
when the amount of electric charge stored in the capac- 

50 itors becomes stabilized, the power consumption can 
be decreased. In addition, because the potentials 
become stabilized without being affected by the varia- 
tion in the capacitances of the plurality of capacitors, an 
accurate potential can be generated. 

55 [001 1 ] When first to third midpoints are midpoints of 
switch-intervals formed by being divided by the first to 
fourth switches, the power supply circuit may comprise: 
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a first capacitor connected between the high poten- 
tial line and the second midpoint; 
a second capacitor connected between the second 
midpoint and the low potential line; and 
a third capacitor connected between the first mid- 5 
point and the third midpoint. 

[0012] By connecting the three capacitors in this 
manner, the connection of the third capacitor to the first 
and second capacitors is alternately switched between w 
series and parallel connections by the above-described 
switching operation. 

[0013] In this configuration, the first and second 
capacitors may be replaced by capacitors of a liquid 
crystal layer formed by supplying potentials of the high is 
and low potential lines and the second midpoint to the 
liquid crystal layer. 

[0014] The plurality of capacitors may also be 
formed of a first capacitor connected between the high 
potential line and the second midpoint; and a second 20 
capacitor connected between the first midpoint and the 
third midpoint. Further, the plurality of capacitors may 
also be formed of a first capacitor connected between 
the second midpoint and the low potential line; and a 
second capacitor connected between the first midpoint 25 
and the third midpoint. 

[0015] In either configuration, the connection of the 
first and second capacitors is switched alternately 
between series connection and parallel connection. 
[0016] Another aspect of the present invention pro- 30 
vides a power supply circuit for generating potentials 
used to drive a liquid crystal, the power supply circuit 
comprising: a main power supply circuit generating a 
potential between potentials of a fist potential-supply 
line and a second potential-supply line; a first sub- 35 
power supply circuit generating a potential between 
potentials of the fist potential-supply line and an output 
line of the main power supply circuit; and a second sub- 
power supply circuit generating a potential between 
potentials of the output line of the main power supply 40 
circuit and the second potential-supply line. The power 
supply circuit described above may be used for at least 
one of the main power supply circuit and the first and 
third sub-power supply circuits. 

[001 7] By using the power supply circuit described 45 
above for all of the main power supply circuit and the 
first and second sub-power supply circuits, five-level liq- 
uid crystal drive potentials VO to V4 used for a 1/4 bias 
driving method can be accurately generated. 
[0018] To generate liquid crystal drive potentials so 
used for a bias driving method of 1/4 or less, for exam- 
ple, six-level potentials VO to V5, it is preferable to use a 
resistor division method for the main power supply cir- 
cuit for generating two-level potentials V2 and V3 
between the high potential VO and the low potential V5 55 
and use the potentials V2 and V3 impedance-convert 
through impedance-conversion circuits (formed of an 
operational amplifier, for example). In this case, the first 



sub-power supply circuit generates a potential V1 
between the potentials VO and V2, and the second sub- 
power supply circuit generates a potential V4 between 
the potentials V3 and V5. 

[0019] By this configuration, compare to a conven- 
tional power supply circuit which needs four operational 
amplifiers to generates a potential of liquid crystal, 
present invention can omit two operational amplifiers. 
As a result, the manufacturing cost can be decreased 
because of the reduced chip size. Electric power con- 
sumption may also be decreased. 
[0020] P-type MOS transistors can be used for a 
first to fourth switches (sub-switches) in the second sub- 
power supply circuit. In addition, N-type MOS transis- 
tors can be used for a fifth to eighth switches (sub- 
switches) in the second sub-power supply circuit. 
[0021] The switching operation described above is 
made possible by applying the high potential VO and the 
low potential V5 (both potentials are the select potential 
of the scanning signal) alternately to the gate of the P- 
type MOS and N-type MOS transistors. 
[0022] Since this configuration makes it possible to 
apply a greater voltage between the source and gate, 
transistors of the same performance can be made in a 
smaller size. Consequently, the manufacturing cost of 
the power supply circuit can be decreased because of 
the reduced chip size. 

[0023] A liquid crystal device of the present inven- 
tion and an electronic device having the liquid crystal 
device of the present invention include the power supply 
circuit for a liquid crystal described above. Since the 
power supply circuit of the present invention can reduce 
the power consumption of the liquid crystal device, it is 
particularly useful for portable electronic devices. 

Brief Description of Drawings 

[0024] 

Fig. 1 is a circuit diagram showing an example of a 
main part of the power supply circuit for driving a 
liquid crystal of the present invention. 

Fig. 2 is a circuit diagram showing a first state of the 
circuit shown in Fig. 1. 

Fig. 3 is an equivalent circuit diagram of the first 
state shown in Fig. 2. 

Fig. 4 is a circuit diagram showing a second state of 
the circuit shown in Fig. 1 . 

Fig. 5 is an equivalent circuit diagram of the second 
state shown in Fig. 4. 

Fig. 6 is a circuit diagram in which some of the 
capacitors in the circuit shown in Fig. 1 are replaced 
by liquid crystal capacitors. 
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Rg. 7 is a circuit diagram showing another example 
of a main part of the power supply circuit for driving 
a liquid crystal of the present invention. 

Rg. 8 is an equivalent circuit diagram of a first state 5 
in the circuit shown in Fig. 7. 

Rg. 9 is an equivalent circuit diagram of a second 
state in the circuit shown in Rg. 7. 

w 

Rg. 10 is a circuit diagram showing still another 
example of a main part of the power supply circuit 
for driving a liquid crystal of the present invention. 

Rg. 11 is an equivalent circuit diagram of a first 15 
state in the circuit shown in Rg. 1 0. 

Rg. 12 is an equivalent circuit diagram of a second 
state in the circuit shown in Rg. 1 0. 

20 

Rg. 13 is a circuit diagram of the power supply cir- 
cuit for driving a liquid crystal according to an 
embodiment of the present invention formed by 
combining the circuit components shown in Rg. 1. 

25 

Rg. 14 is a waveform diagram of the liquid crystal 
drive signals of the potentials generated by the 
power supply circuit shown in Fig. 13. 

Rg. 1 5 is the circuit diagram of the power supply cir- 30 
cuit for driving a liquid crystal according to another 
embodiment of the present invention. 

Rg. 1 6 is a waveform diagram of the liquid crystal 
drive signals of the potentials generated by the 35 
power supply circuit shown in Fig. 15. 

Rg. 17 is a circuit diagram of a power supply circuit 
for driving a liquid crystal in which the switches 
shown in Fig. 15 are formed by P-type MOS and N- 40 
type MOS transistors. 

Rg. 1 8 is a timing chart of the signals supplied to 
the gates of the P-type MOS and N-type MOS tran- 
sistors shown in Fig. 1 7. 45 

Rg. 1 9 is a block diagram of a liquid crystal device 
according to one embodiment of the present inven- 
tion. 

50 

Rg. 20 is a circuit diagram of a conventional power 
supply circuit for driving a liquid crystal using resis- 
tor division. 

Rg. 21 is a circuit diagram of another conventional 55 
power supply circuit for driving a liquid crystal which 
has voltage-follower operational amplifiers con- 
nected to the outputs of the circuit shown in Rg. 20. 



Best Mode for Carrying Out the Invention 

[0025] Embodiments of the present invention will be 
explained with reference to the drawings. 

Description of main part of the power supply circuit for 
driving a liquid crystal 

[0026] Rg. 1 is a circuit diagram that shows the 
configuration of the main part of the power supply circuit 
for driving a liquid crystal of the present invention. In 
Fig. 1, first to fourth switches 101 to 104 are connected 
in series between a first potential-supply line 1 05 and a 
second potential-supply line 106. 

[0027] These first to fourth switches 101 to 104 are 
turned on or off by a switch drive circuit 107. The switch 
drive circuit 1 07 drives the first to fourth switches 1 01 to 
1 04 so that the period of time during which the first and 
third switches 1 01 and 1 03 are on and that during which 
the second and fourth switches 102 and 104 are on 
alternately repeated. 

[0028] A plurality of capacitors, for example three, 
first to third capacitors 1 11 to 1 13, are disposed in the 
circuit so that the connection among them is switched 
between series and parallel by the switching operation 
of the switch drive circuit 107. The values of the first to 
third capacitors 111, 112, and 113 are respectively 
denoted by C1, C2, and C3. 

[0029] Midpoints on the intervals between adjacent 
switches, separated by the first to fourth switches 1 01 to 

1 04 are referred to as first to three midpoints 121,1 22, 
and 123 as shown in Fig. 1. The first capacitor 111 is 
connected between the first potential-supply line 105 
and the second midpoint 122. The second capacitor 

1 12 is connected between the second midpoint 122 and 
the second potential-supply line 1 06. The third capacitor 

1 13 is connected between the first and third midpoints 

121 and 123. 

[0030] In this power supply circuit, potentials VA 
and VB on the first and second potential-supply lines 

1 05 and 106 and a potential VC at the second midpoint 

122 are output. 

[0031] Fig. 2 is a circuit diagram in a first state in 
which the first and third switches 1 01 and 1 03 are being 
turned on and the second and fourth switches 102 and 
104 are being turned off in the circuit shown in Fig. 1. 
Fig. 3 is an equivalent circuit diagram of the circuit 
shown in Rg. 2. 

[0032] Similarly, Fig. 4 is a circuit diagram in the 
second state in which the first and third switches 101 
and 103 are being turned off and the second and fourth 
switches 102 and 104 are being turned on in the circuit 
shown in Rg. 1 . Fig. 5 is an equivalent circuit diagram of 
the circuit shown in Fig. 4. 

[0033] As known from a comparison of Figs. 3 and 
5, the configurations in both the first and second states 
are the same inasmuch as the first and second capaci- 
tors 111 and 113 are connected in series between the 
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first and second potential-supply lines 105 and 1 06. The 
third capacitor 113 is connected in parallel to the first 
capacitor 1 1 1 in the first state and to the second capac- 
itor 1 12 in the second state. 

[0034] As for the relationship between the first and 5 
third capacitors 1 1 1 and 113, the third capacitor 1 13 is 
connected to the first capacitor 1 1 1 in parallel in the first 
state, and in series in the second state. 
[0035] As for the relationship between the second 
and third capacitors 112 and 113, the third capacitor w 
1 13 is connected to the second capacitor 1 12 In series 
in the first state, and in series in the second state. 
[0036] |n this manner, the connection of the third 
capacitor 1 1 3 to the first and second capacitors 1 1 1 and 
1 12 is alternately switched between series and parallel 15 
by the switching operation of the switch drive circuit 1 07. 
[0037] By this alternation of the first and second 
states, the amount of electric charge stored in the first to 
third capacitors 1 1 1 to 1 1 3 is stabilized so that the volt- 
ages applied to both ends of the first to third capacitors 20 
111 to 113 become equaL 

[0038] Here, it is assumed that the potential differ- 
ence between the first and second potential-supply 
lines 1 05 and 1 06 is V. As the amount of electric charge 
stored in the first to third capacitors 1 1 1 to 1 13 is stabi- 25 
lized from the switching operation of the switch drive cir- 
cuit 017, the potential VC at the second midpoint 122 
between the second and third switches 102 and 103 
converges the middle potential (V/2) of the potential dif- 
ference V between the first and second potential-supply 30 
lines 105 and 106. 

[0039] When the amount of electric charge stored 
in the first to third capacitors 1 1 1 to 1 1 3 has been stabi- 
lized, the electric current that flows among the first to 
third capacitors 1 1 1 to 1 1 3 becomes zero, and the elec- 35 
trie current which flows thereafter is only the electric 
current used for the switching operation of the first to 
fourth switches 101 to 104. Consequently, the current 
consumption can be decreased. 

[0040] When driving a liquid crystal device in which 40 
potentials VA, VB, and VC are being supplied from this 
power supply circuit to the liquid crystal device, the 
charging and discharging current at the liquid crystal 
device, which is the minimum current required to drive 
the liquid crystal device, is the current consumed. If the 45 
potential VC at the second midpoint is kept stable, the 
current consumption can also be decreased when driv- 
ing a liquid crystal device. 

[0041] Further, in the power supply circuit shown in 
Fig. 1 , the potential VC at the second midpoint 1 22 is so 
accurately set to the middle value of the potential differ- 
ence between the first and second power-supply lines 
105 and 106 by the switching operation described 
above, even if the capacitances C1, C2, and C3 of the 
first to third capacitors 111 to 113 deviate from the 55 
design values. Accordingly, the power supply circuit can 
generate a more accurate potential than the conven- 
tional resistance dividing method. 



[0042] Although the first to third capacitors 1 1 1 to 
113 are shown as single capacitors in the above 
description, the first capacitor 1 1 1 , for example, may be 
made up of a plurality of capacitors. The second and 
third capacitors 1 12 and 113 may also be made up of a 
plurality of capacitors. 

[0043] When using the power supply circuit shown 
in Fig. 1 to drive a simple matrix-type liquid crystal 
device, for example, the potentials of the first and sec- 
ond potential-supply lines 105 and 106 are applied to 
the segment electrodes, and the potential at the second 
midpoint 122 is applied to the common electrodes. 
[0044] Since the segment electrodes and the com- 
mon electrodes are disposed so as to face each other 
across the liquid crystal, liquid crystal capacitors CCL 
are formed by the electrodes and liquid crystal. 
[0045] Therefore, the power supply circuit of Fig. 1 
can be modified to the circuit shown in Fig. 6. In the 
power supply circuit shown in Fig. 6, the first and sec- 
ond capacitors 1 1 1 and 1 12 are not provided physically 
and replaced by the liquid crystal capacitors CCL. 
[0046] In the power supply circuit of Fig. 6, the 
equivalent circuits shown in Figs. 3 and 5 are realized 
alternately by repetition of the same switching operation 
as in the circuit of Fig. 1, thereby the middle potential 
(V/2) of the potential difference V between the first and 
second potential-supply lines 105 and 106 can be out- 
put from the second midpoint 122. 
[0047] A plurality of capacitors for which the con- 
nection can be switched alternately between series con- 
nection and parallel connection by the switch drive 
circuit 107 may be formed by the first and second 
capacitors shown in Fig. 7 or Fig. 10. 
[0048] Although there are no specific limitations to 
the capacitances C1, C2, and C3 of the first to third 
capacitors 1 1 1 to 1 13, it is preferable for the stability of 
the above-described operation that the capacitances 
C1 and C2 be substantially equal and the capacitance 
C3 be not excessively large. 

[0049] In Fig. 7, a first capacitor 131 is connected 
between the first potential-supply line 105 and the sec- 
ond midpoint 122, and a second capacitor 132 is con- 
nected between the second and third midpoints 122 and 
123. 

[0050] In Fig. 10, a first capacitor 141 is connected 
between the second potential-supply line 106 and the 
second midpoint 122, and a second capacitor 142 is 
connected between the second and third midpoints 122 
and 123. 

[0051] Figs. 8 and 9 are equivalent circuits of the 
first and second states of the power supply circuit of Fig. 
7. Figs. 1 1 and 12 are equivalent circuits of the first and 
second states of the power supply circuit of Fig. 1 0. 
[0052] When the first to fourth switches 101 to 104 
are driven to perform the switching operation in the 
power supply circuit of Fig. 7 in the same manner as in 
Fig. 1, the first and second capacitors 131 and 132 are 
connected in parallel in the first state, and are con- 
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nected in series in the second state as shown in Figs. 8 
and 9. 

[0053] Likewise, when the first to fourth switches 
1 01 to 1 04 are driven to perform the switching operation 
in the power supply circuit of Fig. 1 0 in the same man- s 
ner as in Fig. 1 , the first and second capacitors 131 and 
132 are connected in parallel in the first state, and are 
connected in series in the second state as shown in 
Figs. 1 1 and 12. 

[0054] In the power supply circuits of Figs. 7 and w 
10, the voltages applied to both ends of the first and 
second capacitors become equal because the first and 
second capacitors are connected in parallel as shown in 
Figs. 8 and 1 2, respectively. Since the voltages applied 
to the first and second capacitors become stable so as 75 
to enable the first and second capacitors to maintain the 
electric charges charged at this time, the potential at the 
second midpoint 122 converges the middle potential 
(V/2) of the potential difference V between the first and 
second potential-supply lines 105 and 106. 20 

Description of power supply circuit for driving a liquid 
crystal 

[0055] Next, a power supply circuit for driving a liq- 25 
uid crystal using the power supply circuit shown in Fig. 
1 will be described by referring to Figs. 13 and 14. Fig. 
1 3 is the circuit diagram of a power supply circuit which 
is formed by combining the three power supply circuits 
of Fig. 1 and drives a liquid crystal by the 1/4 bias driv- 30 
ing method. Fig. 14 shows common signals COMO to 
COM2 which are scanning signals with the potential 
supplied from the power supply circuit of Fig. 1 3, and 
segment signals SEGn as the data signal. 
[0056] This power supply circuit for driving a liquid 35 
crystal, as shown in Fig. 13, comprises a main power 
supply circuit 200, a first 230, second sub-power supply 
circuit 260, and switch drive circuit 290. 
[0057] The main power supply circuit 200 has first 
to fourth main switches 201 to 204 connected in series 40 
between a first potential-supply line 205 and a second 
potential-supply line 206. Points separated by the main 
switches 201 to 204 are referred to as first to third main 
midpoints 211 to 213. This main power supply circuit 
200 has first group of capacitors including a first to third 45 
main capacitors 221 to 223 for which the connection is 
switched alternately between parallel and serial con- 
nections by the switching operation of the first to fourth 
main switches 201 to 204. The connection of these first 
to third main capacitors 221 to 223 is the same as in Fig. 50 
1. 

[0058] The first sub-power supply circuit 230 has 
first to fourth sub-switches 231 to 234 connected in 
series between the first potential-supply line 205 and 
the second main midpoint 212. Points separated by the 55 
main switches 231 to 234 are referred to as first to third 
sub midpoints 241 to 243. This first sub-power supply 
circuit 230 has a second group of capacitors including 



first to third sub-capacitors 251 to 253 for which the con- 
nection is switched alternately between parallel and 
serial connections by the switching operation of the first 
to fourth sub-switches 231 to 234. The connection of 
these first to third sub capacitors 251 to 253 is the same 
as in Fig. 1 . 

[0059] The second sub-power supply circuit 260 
has fifth to eighth sub-switches 261 to 264 connected in 
series between the second sub potential-supply line 
206 and the second main midpoint 212. Points sepa- 
rated by the switches 261 to 264 are referred to as sub- 
midpoint midpoints 271 to 273. This second sub-power 
supply circuit 260 has a third group of capacitors includ- 
ing fourth to sixth sub-capacitors 281 to 283 for which 
the connection is switched alternately between parallel 
and serial connections by the switching operation of the 
fifth to eight sub-switches 261 to 264. The connection of 
these fourth to sixth sub capacitors 281 to 283 is the 
same as in Fig. 1 . 

[0060] The switch drive circuit 290 has switch drive 
signal lines 291 to 296 as output lines. These drive sig- 
nal lines 291 to 296 drive the main power supply circuit 
200 and the first and second sub-power supply circuits 
230 and 260 with the same timing as in the power sup- 
ply circuit shown in Fig. 1 . 

[0061] Here, the potentials of the first and second 
potential-supply lines 205 and 206 are denoted by V0 
and V4, the potential at the second sub-midpoint 242 by 
V1, the potential at the second main midpoint 212 by 
V2, and the potential at the fifth sub-midpoint 272 by V3. 
This power supply circuit for driving a liquid crystal 
device outputs the potentials V0 to V4 described above. 
[0062] The state of connection of the first to third 
main capacitors 221 to 223 of the main power supply 
circuit 200 alternates between the first state shown in 
Fig. 3 and the second state shown in Fig. 5, being 
driven by the switching operation of the switch drive cir- 
cuit 290. Accordingly, the potential V2 at the second 
main midpoint 212 converges the middle value (V0 - 
V4)/2 of the potential difference between the first and 
second potential -supply tines 205 and 206. 
[0063] For the same reason, the potential V1 at the 
second sub-midpoint 242 converges the middle value 
(V0 - V2)/2 of the potential difference between the first 
potential-supply lines 205 and the second main mid- 
point 212 because of the operation of the first sub- 
power supply circuit 230. Similarly, the potential V3 at 
the fifth sub-midpoint 272 converges the middle value 
(V2 - V4)/2 of the potential difference between the sec- 
ond main midpoint 212 and the second potential-supply 
lines 206 because of the operation of the second sub- 
power supply circuit 260. 

[0064] As a result, five potentials V0 to V4 such as 
V0 - V1 = V1 - V2 = V2 - V3 = V3 - V = constant are 
generated. 

[0065] Liquid crystal driving waveforms using these 
five potentials V0 to V4 are shown in Fig. 14. In Fig. 14, 
common signals COMO to COM2 and segment signals 
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SEGn for which the polarity of voltage applied to a liquid 
crystal is inverted at every frame by a polarity-inverting 
alternating signal FR are shown. Potentials VO and V4 
in the common signals are the select electric potential, 
and potentials V1 and V3 are the non-select electric 5 
potential. On the other hand, potentials VO and V4 in the 
segment signals are the on-potentials, and potentials 
V1 and V3 are the off-potentials. 



Description of another power supply circuit for driving a 
liquid crystal 



w 



t [0066] Fig. 15 is a circuit diagram of a power supply 
circuit which generates liquid crystal driving potentials, 
e.g. six potentials VO to V5 used by a bias driving is 
method of 1/4 or less. The power supply circuit for driv- 
ing a liquid crystal of Fig. 15 uses a main power supply 
circuit 300 in place of the main power supply circuit 200 
in Fig. 13, and the first and second sub-power supply 
circuits 230 and 260 in Fig. 13. 20 
[0067] The main power supply circuit 300 has first 
to third resistors R1 to R3 connected in series between 
the first and second potential-supply lines 301 and 302. 
Midpoints separated by the first to third resistors R1 to 
R3 are referred to as a first and second main midpoints 25 
311 and 31 2. 

[0068] A first voltage-follower operational amplifier 
321 is connected to the first main midpoint 31 1, and a 
second voltage-follower operational amplifier 322 is 
connected to the second main midpoint 322. 30 
[0069] The first sub-power supply circuit 230 out- 
puts the middle potential V1 [V1 = (VO - V2)/2] 
between the potential VO of the first potential-supply line 
301 and the output potential V2 of the first voltage-fol- 
lower operational amplifier 321 . 35 
[0070] The second sub-power supply circuit 260 
outputs the middle potential V4 [V4 = (V3 - V5)/2] 
between the output potential V3 of the second voltage- 
follower operational amplifier 322 and the potential V5 
of the second potential-supply line 302. 40 
[0071] The first and second sub-power supply cir- 
cuits 230 and 260 are the same as those in Fig. 13 in 
that they are driven by a switch drive circuit 290 with 
switch drive signal lines 293 to 296 (not shown in Fig. 
15). 45 
[0072] The power supply circuit shown in Fig. 15 
has lower current consumption than the conventional 
art shown in Fig. 21 by about an amount equivalent to 
the current consumed by two operational amplifiers. 
The current consumption can be reduced to about half so 
that of the conventional art 

[0073] Waveforms for driving a liquid crystal device 
using the six levels of potentials VO to V5 are shown in 
Fig. 1 6. In Fig. 1 6, common signals COMO to COM2 and 
segment signals SEGn for which the polarity of voltage 55 
applied to a liquid crystal is inverted at every frame by a 
polarity-inverting alternating signal FR are shown. 
[0074] The first to fourth sub-switches 231 to 234 



on the high-potential side in the power supply circuit 
shown in Fig. 15 each can be formed using a P-type 
MOS transistor as shown in Fig. 1 7. The fifth to eighth 
sub-switches 261 to 264 on the low-potential side in the 
circuit shown in Fig. 15 each can be formed using an N- 
type MOS transistor as shown in Fig. 17. 
[0075] The timing chart of the potential on the 
switch-driving signal lines 292 to 296 connected to the 
gates of the P-type MOS transistors 231 to 234 and re- 
type MOS transistors 261 to 264 is shown in Fig. 18. 
[0076] As can be seen from Fig. 18, the on and off 
timing of each switch is as described above, and the 
potential of the gate of transistors 231 to 234 and 261 to 
264 is switched alternately between the potential VO of 
the first potential-supply line 301 and the potential V5 of 
the second potential-supply line 302. 
[0077] Here, the potential of the well of the P-type 
MOS transistors 231 to 234 is VO, and that of the N-type 
MOS transistors 261 to 264 is V5. By setting the poten- 
tial of the gate of the P-type MOS transistors 231 to 234 
and that of the N-type MOS transistors 261 to 264 to 
potentials V1 and V5, it is possible to increase the volt- 
age between the source and gate when each transistor 
is on. 

[0078] The driving method shown in Fig. 1 8 allows 
a greater reduction in the size of the transistors; for 
example, in the width, for maintaining the same transis- 
tor performance, in comparison with another method in 
which, unlike the example of Fig. 1 8, the potential of the 
gate of the P-type MOS transistor 231 when the transis- 
tor is on is V2 and that of the N-type MOS transistor 261 
when the transistor is on is V3, for example. 
[0079] Fig. 1 9 shows a liquid crystal device in which 
the power supply circuit for driving a liquid crystal of the 
present invention is used. The liquid crystal device com- 
prises a power supply circuit 350 for driving a liquid 
crystal having the constitution shown in Fig. 15 or Fig. 
17, for example, a liquid crystal panel 360 in which 
scanning electrodes and signal electrodes are formed, 
a scanning electrode drive circuit 370 which drives the 
scanning electrodes based on power supply from the 
power supply circuit 350 for driving a liquid crystal, and 
a signal electrode drive circuit 380 which drives the sig- 
nal electrodes based on the power supply from the 
power supply circuit 350 for driving a liquid crystal. 
[0080] In the case of a simple matrix-type liquid 
crystal device, the scanning electrode is called a com- 
mon electrode and the signal electrode is called a seg- 
ment electrode. It is needless to mention that the 
present invention is applicable to other drive systems 
such as an active matrix-type liquid crystal device, for 
example. 

Claims 

1- A power supply circuit for generating potentials 
used to drive a liquid crystal, the power supply cir- 
cuit comprising: 
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first to fourth switches connected in series 
between a high potential line and a low poten- 
tial line; 

a switch drive circuit which drives the first to 
fourth switches so that the period of time in 5 
which the first and third switches are on and the 
period of time in which the second and fourth 
switches are on are alternate; and 
a plurality of capacitors of which connection 
state is switched alternately between series w 
and parallel connections by a switching opera- 
tion of the switch drive circuit, 
wherein a potential between the second and 
third switches converges a middle potential 
between potentials of the high and low poten- is 
tial lines by a switching operation of the switch 
drive circuit. 

2. The power supply circuit, according to claim 1 , 
wherein, when first to third midpoints are midpoints 20 
of switch-intervals formed by being divided by the 
first to fourth switches, the power supply circuit 
comprises: 

a first capacitor connected between the high 25 
potential line and the second midpoint; 
a second capacitor connected between the 
second midpoint and the low potential line; and 
a third capacitor connected between the first 
midpoint and the third midpoint. 30 

3. The power supply circuit, according to claim 2, 
wherein the first and second capacitors are 
replaced by capacitors of a liquid crystal layer 
formed by supplying potentials of the high and low 35 
potential lines and the second midpoint to the liquid 
crystal layer. 

4. The power supply circuit, according to claim 1 
wherein, when first to third midpoints are midpoints 40 
of switch -intervals formed by being divided by the 
first to fourth switches, the power supply circuit 
comprises: 

a first capacitor connected between the high 45 
potential line and the second midpoint; and 
a second capacitor connected between the first 
midpoint and the third midpoint. 

5. The power supply circuit, according to claim 1 so 
wherein, when first to third midpoints are midpoints 

of switch-intervals formed by being divided by the 
first to fourth switches, the power supply circuit 
comprises: 

55 

a first capacitor connected between the second 

midpoint and the low potential line; and 

a second capacitor connected between the first 



midpoint and the third midpoint 

6. A power supply circuit for generating potentials 
used to drive a liquid crystal, the power supply cir- 
cuit comprising: 

a main power supply circuit generating a poten- 
tial between potentials of a fist potential-supply 
line and a second potential-supply line; 
a first sub-power supply circuit generating a 
potential between potentials of the fist poten- 
tial-supply line and an output line of the main 
power supply circuit; and 
a second sub-power supply circuit generating a 
potential between potentials of the output line 
of the main power supply circuit and the sec- 
ond potential-supply line, 
wherein at least one of the main power supply 
circuit, first sub-power supply circuit, and third 
sub-power supply circuit comprises: 
first to fourth switches connected in series 
between a high potential line and a low poten- 
tial line; 

a switch drive circuit which drives the first to 
fourth switches so that the period of time in 
which the first and third switches are on and the 
period of time in which the second and 
fourth switches are on alternate; and a plurality 
of capacitors of which the state of connection is 
switched alternately between series and paral- 
lel connections by a switching operation of the 
switch drive circuit, and 
wherein the potential between the second and 
third switches converges a middle potential 
between the potentials of the high and low 
potential lines. 

7. A power supply circuit for generating potentials 
used to drive a liquid crystal, the power supply cir- 
cuit comprising: 

first to fourth main switches connected in series 
between a first potential-supply line and a sec- 
ond potential-supply line; 

first to fourth sub-switches connected in series 
between the first potential -supply line and a 
midpoint between the second and third main 
switches; 

fifth to eighth sub-switches connected in series 
between a midpoint between the second and 
third main switches and the second potential- 
supply line; 

a switch drive circuit which drives the first to 
fourth main switches and the first to eighth sub- 
switches so that a period of time in which the 
first and third main switches are on and a 
period of time in which the second and fourth 
main switches are on alternate, so that a period 
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of time in which the first and third sub-switches 
are on and a period of time in which the second 
and fourth sub-switches are on alternate, and 
so that a period of time in which the fifth and 
seventh sub-switches are on and a period of 5 
time in which the sixth and eighth sub-switches 
are on alternate; 

a first group of capacitors of which connection 
state is switched alternately between series 
and parallel connections by a switching opera- w 
tion of the first to fourth main switches; 
a second group of capacitors of which connec- 
tion state is switched alternately between 
series and parallel connections by a switching 
operation of the first to fourth sub-switches; is 
and 

a third group of capacitors of which connection 
state is switched alternately between series 
and parallel connections by a switching opera- 
tion of the fifth to eighth sub-switches, 20 
whereby a potential between the second and 
third main switches converges a first middle 
potential between potentials of the first and 
second potential -supply lines, a potential 
between the second and third sub-switches 25 
converges a second middle potential between 
the potential of the first potential-supply line 
and the first middle potential, and a potential 
between the sixth and seventh sub-switches 
converges a third middle potential between the 30 
first middle potential and the potential of the 
second potential-supply line. 

The power supply circuit, according to claim 7, 
wherein the first to fourth sub-switches are formed 35 
by P-type MOS transistors, and the fifth to eighth 
sub-switches are formed by N-type MOS transis- 
tors. 



which a second potential at a second midpoint 
between other adjacent two resistors, which is 
lower than the potential at the first midpoint, to 
convert impedance of the second potential; 
first to fourth switches connected in series 
between the first potential-supply line and an 
output line of the first impedance-converting 
circuit; 

fifth to eighth switches connected in series 
between an output line of the second imped- 
ance-converting circuit and the second poten- 
tial-supply line; 

a switch drive circuit that drives the first to 
eighth switches so that a period of time in 
which the first and third switches are on and a 
period of time in which the second and fourth 
switches are on alternate and so that a period 
of time in which the fifth and seventh switches 
are on and a period of time in which the sixth 
and eighth switches are on alternate; 
a first group of capacitors of which connection 
state is switched alternately between series 
and parallel connections by a switching opera- 
tion of the first to fourth switches; and 
a second group of capacitors of which connec- 
tion state is switched alternately between 
series and parallel connections by a switching 
operation of the fifth to eighth switches, 
whereby a potential between the second and 
third switches converges a first middle potential 
between potentials of the first potential-supply 
line and the output line of the first impedance- 
converting circuit, and the potential between 
the sixth and seventh switches converges a 
second middle potential between potentials of 
the output line of the second impedance-con- 
verting circuit and the second potential-supply 
line. 



9. The power supply circuit, according to claim 8, 
wherein the switch drive circuit applies the potential 
of the first potential-supply line and the potential of 
the second potential-supply line alternately to gates 
of the P-type MOS and N-type MOS transistors to 
drive the first to eighth sub-switches. 

10. A power supply circuit for generating potentials 
used to drive a liquid crystal, the power supply.cir- 
cuit comprising: 

a plurality of resistors connected in series 
between a first potential-supply line and a sec- 
ond potential-supply line; 
a first impedance-converting circuit to which a 
first potential at a first midpoint between adja- 
cent two resistors is input to convert imped- 
ance of the first potential; 
a second impedance-converting circuit to 



40 11. The power supply circuit, according to claim 10, 
wherein the first to fourth switches are formed by P- 
type MOS transistors, and the fifth to eighth 
switches are formed by N-type MOS transistors. 

45 12. The power supply circuit, according to claim 11, 
wherein the switch drive circuit applies the potential 
of the first potential-supply line and the potential of 
the second potential-supply line alternately to gates 
of the P-type MOS and N-type MOS transistors to 

so drive the first to eighth switches. 

13. A liquid crystal device comprising: 

the power supply circuit for driving a liquid crys- 
55 tal according to any one of claims 1 to 12; 

a liquid crystal panel in which scanning elec- 
trodes and signal electrodes are formed; 
a scanning electrode drive circuit which drives 
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the scanning electrodes by receiving power 
supply from the power supply circuit for driving 
the liquid crystal; and 

a signal electrode drive circuit which drives the 
signal electrodes by receiving the power supply 5 
from the power supply circuit for driving the liq- 
uid crystal. 

14. Electronic equipment comprising the liquid crystal 
device according to claim 1 3. 10 
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